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Abstract

Background Metal ions released from arthroplasty devi-

ces are largely cleared in urine, leading to high exposure in

renal tissues. Validated early markers of renal damage are

routinely used to monitor workers in heavy metal indus-

tries, and renal risk can be quantified in these industries. It

is unclear if the ion levels in patients with metal-on-metal

hips are sufficient to cause renal damage.

Question Does metal-on-metal (MOM) bearing use over

a 10-year period lead to elevation of early renal markers

compared with the levels expected in subjects with no

metal exposure?

Methods We retrospectively reviewed 31 patients who

underwent MOM hip resurfacings 10 years earlier. Whole

blood specimens were collected for metal ion analysis,

serum for creatinine estimation, and urine for timed metal

ion output and renal markers. The renal marker levels of

30 age- and gender-matched subjects with no metal

exposure and no known renal problems or diabetes

mellitus were used as controls for renal markers.

Results Median serum creatinine level in the MOM group

was 1.1 mg/dL (interquartile range, 1.0–1.2 mg/dL) and

median creatinine clearance was 79.2 mL/min. In this

cohort, the number of patients with markers of renal damage

above the reference range was comparable to the controls.

None of the renal markers were associated with metal levels.

Conclusion The absence of elevation of renal markers in

this cohort 10 years after MOM bearing implantation is

reassuring. However, we believe surveillance through fur-

ther longer-term, large-scale controlled trials are needed to

monitor this arthroplasty-induced low-intensity (but long-

term) trace element exposure to rule out potential

nephrotoxicity.

Level of Evidence Level III, retrospective comparative

study. See Guidelines for Authors for a complete descrip-

tion of levels of evidence.

Introduction

The reintroduction of metal-on-metal (MOM) bearings in

the management of hip arthritis has led to their increased

use in young, active patients [27]. Release and dissemi-

nation of metal particles and ions is an unavoidable

consequence of MOM use [8, 17]. Metal components used

in conventional hip and knee arthroplasties (stems and

socket carriers) also release metal particles and ions

through wear and corrosion [18, 25]. An extensive review

of orthopaedic metal toxicity [17] identified the renal sys-

tem as a key area needing investigation. That review and

another study [17, 20] noted chromium and cobalt are

excreted by the kidney and have the potential to induce

tubular necrosis. The authors suggest the incidence of
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metal-induced toxicity in the kidney must be ‘‘clarified by

renal monitoring of arthroplasty patients.’’

Chromate-induced tubular necrosis was reported after

hexavalent chromium intake in other settings [24, 29, 30].

In the heavy metal industry, biologic markers of early renal

dysfunction are routinely used [2, 4, 13, 22, 23, 28, 32] to

monitor exposure. Renal marker assessment such as retinol

binding protein (RBP) and Brush Border antigen (BBA)

revealed doubling of marker levels in chromate workers

with 7 years exposure when compared with controls [14].

Furthermore, in workers with elevated chromium levels

(greater than 15 lg/L) [14], one-third had marker levels

above the reference range compared with one in 30 in the

controls. A 5-year study of smelter workers [12] showed a

50% elevation of b2-microglobulin (b2M) and reduction of

glomerular filtration, denoting reduced kidney function. A

study of patients with nephrotic syndrome and normal

baseline renal function demonstrated N-acetyl-b-D-gluco-

saminidase (NAG) was highly predictive of both remission

and progression depending on whether NAG was below or

above the reference range [3]. In patients with sickle cell/b
thalassemia, in which progressive renal failure is a known

complication, the current renal markers b2M and NAG

were 10 times more sensitive (70%–75%) than serum

creatinine (7%) as predictors of eventual renal impairment

[31].

These findings demonstrate renal markers are elevated

after exposure to nephrotoxic substances and are reliable

early predictors of reduced renal function. However, tran-

sient changes in renal markers can be produced by several

physiological processes, including the hour of the day,

posture, physical activity, protein intake, and hydration

[22]. One positive test at one time point does not neces-

sarily indicate impending renal disease. Such variations

also are found in unexposed patients. Although workers in

the heavy metal industries are at risk for renal damage, it is

unclear whether the levels of ions released in MOM hips is

sufficient to cause renal damage.

Our primary purpose was therefore to determine

whether renal marker levels differed in patients who

underwent MOM resurfacing 10 years prior and in mat-

ched implant-free controls and whether there was an

association between blood metal ion levels and renal

markers in patients with MOM resurfacing.

Patients and Methods

This is a retrospective, cross-sectional, observational study

of renal markers in a subgroup of patients who attended a

routine 10-year followup of their MOM hip resurfacings.

One hundred twenty-one of 128 patients with surviving

implants who received McMinn hybrid hip resurfacings

(Corin Group, Cirencester, UK) in 1996 under a single

surgeon (DJWM) were reviewed clinicoradiologically dur-

ing 2006 and 2007, the details of which were published

earlier [7]. Seven who confirmed survival were unable to

attend.

We used this 10-year review visit to also assess renal

markers. By choosing the 10-year followup period, we

allowed ample time for renal marker elevation to develop if it

were to occur after an initial lag period. Thirty-five patients in

this cohort were seen between December 2006 and March

2007. We excluded four of these 35 patients who had diabetes

mellitus, leaving 31 patients for review. There were no other

exclusion criteria. These 31 patients (24 men and seven

women) had a mean age of 62 years (range, 34–76 years) and

a mean BMI of 27.6 kg/m2 (range, 21–41 kg/m2). Twenty-

six underwent unilateral resurfacings and five underwent

bilateral resurfacings. Of the 26 unilateral McMinn resur-

facings, one had a well-functioning contralateral Stanmore

MOM THA (Stanmore, Middlesex, UK) implanted in 1969

(Table 1). Two others had a MOM resurfacing (Birmingham

Hip Resurfacing; Smith and Nephew Orthopaedics,

Warwick, UK) implanted in their contralateral hip in 2001

and 2006, respectively. Therefore, there were eight patients

who had bilateral MOM bearing hips.

Renal marker levels of 30 age- and gender-matched

subjects with no metal exposure and no known renal

problems or diabetes mellitus were used as controls. They

included volunteer blood donors from one of the partici-

pating institutions and were composed of 24 men and seven

women with a mean age of 62 years (range, 35–72 years).

Through a standardized questionnaire, we ensured they

fulfilled the following criteria: no renal or systemic dis-

eases, no intake of potentially nephrotoxic drugs, and no

exposure to other known or suspected nephrotoxins.

Informed consent for participation was given. We did not

perform metal ion assessment in these subjects because

cobalt and chromium levels in a group with no arthroplasty

device are always lower than those with MOM bearings.

There are four domains in which kidney function may be

monitored (Fig. 1): (1) Global kidney function is assessed

Table 1. Types of metal-on-metal arthroplasties used in the study

group

Unilateral MOM

devices (n = 23)

Unilateral McMinn hybrid

resurfacings (Corin)

23

Bilateral MOM

devices (n = 8)

Bilateral McMinn hybrid

resurfacings (Corin)

5

Unilateral McMinn hybrid resurfacings

(Corin) + Stanmore MOM THA

1

Unilateral McMinn hybrid resurfacing

+ Birmingham hip resurfacing

2

31 Total 31

MOM = metal-on-metal.

1652 Corradi et al. Clinical Orthopaedics and Related Research1

123



from glomerular filtration rate as measured from creatinine

clearance. (2) Glomerular proteinuria: high-molecular-

weight proteins such as albumin and globulin do not pass

through the glomerular filter under normal conditions.

Their leakage occurs as a result of increased glomerular

permeability and signifies glomerular disease; their levels

and ratios in urine can be used to distinguish disease.

(3) Tubular proteinuria: low-molecular-weight proteins

such as RBP and b2M are normally filtered by the glo-

merulus and extensively reabsorbed in the proximal

convoluted tubule. Increased low-molecular-weight pro-

teinuria indicates tubular dysfunction. (4) Excretion of the

enzyme NAG or of BBA in urine is useful in assessing the

presence of renal microtissue damage.

The null hypothesis is that for each individual renal

marker, the proportion of patients whose markers are high

(above the reference range) is no different from the pro-

portion of controls whose markers are high. Prior data [14]

indicate that the probability of high marker levels is 0.03

among controls and 0.32 among patients if the metal ion

exposure is at nephrotoxic levels. Performing a power

analysis, we found we needed to study 26 patients and

26 control subjects to be able to reject the null hypothesis

with a power of 0.8 and a Type I error probability of

0.05 using a chi-squared statistic.

Before the review appointment, each patient was sent

instructions and a trace metal-free container to bring a

12-hour specimen of urine. They collected urine the pre-

vious night and brought it along for estimation of metal ion

output. A 12-hour collection was used rather than a 24-hour

collection, because patient compliance is better [1, 11] with

a 12-hour collection. Twenty-seven of the 31 patients

provided a 12-hour urine sample for metal ion analysis.

The median creatinine clearance was estimated by the

Cockcroft-Gault formula [6].

For each patient at the 10-year followup, the reviewing

clinician noted the patient diagnosis, demographics, hip

function, and radiographic appearances as well as general

medical conditions, regular medications, smoking, and

alcohol intake. No patient had a history of renal failure.

The comorbidities recorded in this cohort included hyper-

tension (three patients), rheumatoid arthritis (two patients),

breast cancer (one patient), and a duplex kidney with

previous renal infection (one patient).

An anteroposterior radiograph of the pelvis and a cross-

table lateral radiograph of the index hip(s) were taken at

review and evaluated as published earlier [7]. Radiographic

assessment showed that the following adverse features were

observed in this cohort: loose cups (three hips), osteolysis

(two hips), lucent lines in all three zones (two hips),

migration (three hips), and neck thinning of greater than

10% original width (three hips). A detailed clinical and

radiographic assessment of the entire cohort of patients, of

which this subgroup is a part, was published earlier [7].

Whole blood specimens were collected without contam-

ination for metal ion analysis, and serum was obtained for

estimation of creatinine. On the day of the clinic, a spot

specimen of urine was collected directly in a 30-mL speci-

men bottle (Sarstedt Ltd, Leicester, UK) for renal marker

assessment. High-resolution inductively coupled plasma

mass spectrometry was used for metal ion analysis [10].

The test battery of urinary markers included albumin,

RBP, b2M, fibronectin, BBA, and NAG. The techniques

used and reference values are described in earlier publi-

cations [21, 22].

We used a chi-squared test to test the difference between

the number of subjects above the reference range in the

patient group and in the control. Spearman’s rank corre-

lation (q) was used to assess the association between renal

marker levels and daily output of metal ions. Nonover-

lapping 95% confidence intervals on the box plots were

used to demonstrate differences. Statistical calculations

were performed using Microsoft Excel 2007 (Microsoft

Inc, Redmond, WA) and MedCalc Version 9 (MedCalc

Software, Mariakerke, Belgium).

Results

The number of subjects with renal markers above the upper

reference limit in this cohort of patients was comparable to

the control subjects (Table 2). The median and interquar-

tile ranges of renal markers in the MOM cohort were

Fig. 1 The relationship between different domains of renal dysfunc-

tion and the different renal markers. The presence of albumin in urine

denotes glomerular dysfunction and the presence of low-molecular-

weight (LMW) proteins (b2M [beta 2 microglobulin] and/or RBP

[retinol binding protein]) indicate tubular dysfunction. NAG

(N-acetyl-beta-d-glucosaminidase) and BBA (Brush Border antigen)

signify renal microtissue damage. Reduced glomerular filtration as

assessed from creatinine clearance denotes global kidney dysfunction.
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Table 2. Comparison of renal marker elevations in patients with MOM bearings and matched subjects with no known exposure to metals

Renal marker Assay used

for analysis

Upper reference

limit (URL)

Number of subjects with values

greater than URL (%)

p (chi

square

test)
Subjects with

MOM devices

Controls with

no metal exposure

In urine

Albumin Competitive ELISA 20 mg/g creatinine 3/31 (9.7%) 3/30 (10.0%) 0.7

Retinol binding protein ‘‘Sandwich’’ ELISA 130 lg/g creatinine 1/31 (3.2%) 2/30 (6.7%) 1

b2 microglobulin ‘‘Sandwich’’ ELISA 300 lg/g creatinine 2/31 (6.5%) 3/30 (10.0%) 1

Fibronectin ‘‘Sandwich’’ ELISA 250 lg/g creatinine 4/31 (12.9%) 2/30 (6.7%) 0.8

Brush Border antigen ‘‘Sandwich’’ ELISA 8.3 U/g creatinine 1/31 (3.2%) 2/30 (6.7%) 1

N-acetyl-b-D

glucosaminidase

Colorimetric 5.0 U/g creatinine 1/31 (3.2%) 0/30 (0%) 0.97

In serum

Creatinine Colorimetric 1.5 mg/dL 0/31 (0%) 0/30 (0%) 1

MOM = metal-on-metal; ELISA = enzyme-linked immunosorbent assay.

Fig. 2 Box plots showing the

renal marker levels in patients

and in controls. None of the

differences were statistically

significant.
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within the upper reference limits for each marker. The

median serum creatinine level in the MOM group was

1.1 mg/dL (interquartile range [IQR], 1.0–1.2 mg/dL) and

the median creatinine clearance was 79.2 mL/min. The

median urinary level of albumin in the MOM group was

10.4 mg/g of creatinine (Cn) (IQR, 7.6–13.9 mg/g), RBP

was 49.9 lg/g of Cn (IQR, 40.9–63.9 lg/g), b2M 112 lg/g

of Cn (IQR, 61.9–134.7 lg/g), fibronectin 154.6 lg/g of

Cn (IQR, 115.6–207.6 lg/g), BBA 1.5 U/g of Cn (IQR,

0.98–3.1 U/g), and NAG 1.67 U/g of Cn (IQR, 1.1–2.7 U/g);

and there were no differences between the renal marker

values in the two groups (Fig. 2).

None of the renal markers was associated with the daily

output of either cobalt or chromium (Table 3). The median

24-hour output of cobalt and chromium in urine of patients

with MOM bearings was 12.9 lg (range, 6.1–71.5 lg) and

6.1 lg (range, 3.5–34.8 lg) and their whole blood levels

were 1.8 lg/L (range, 0.3–9.0 lg/L) and 1.5 lg/L (range,

0.2–4.6 lg/L), respectively (Fig. 3). Median levels of renal

markers in patients with unilateral MOM bearings were

similar to those with bilateral MOM bearings (Fig. 4).

Discussion

With the increasing use of MOM bearings in the man-

agement of hip arthritis in young patients, it is necessary

we investigate the possibility that adverse renal effects may

follow long-term use of these devices. One study [19]

found no elevation of serum creatinine and creatinine

clearance in patients with MOM bearings at 10-year fol-

lowup. Creatinine and its clearance are reliable measures of

renal function, but these are late signs, which confirm renal

damage rather than act as early warning signs. Biologic

early markers are routinely used in the heavy metal

industry to assess potential nephrotoxicity before the

development of overt failure. Whether the ion level ele-

vations seen in patients with MOM resurfacing are

associated with nephrotoxicity is unknown. We therefore

determined whether renal marker levels differed in patients

who underwent MOM resurfacing 10 years prior and in

matched implant-free controls and whether there was an

association between blood metal ion levels and renal

markers in patients with MOM resurfacing.

We recognize several limitations to our study. First, the

presence of comorbidities in the study group may have

affected the results. However, we decided not to exclude

all possible comorbidities because these are expected in

routine clinical practice, and it is necessary to study the

effect of MOM bearings in the presence of these comor-

bidities. Because we found no differences between the

renal markers in the study and control groups, the heter-

ogeneity of the study group did not affect the results.

However, diabetes mellitus was excluded because it is a

known risk factor for loss of renal function, even in the

absence of other nephrotoxic agents. Second, the number

of patients is small compared with the tens of thousands

who undergo these procedures every year. Although power

and sample size calculation, based on prior data, has

enabled us to study this subject using an adequately sized

sample, larger scale studies would be desirable to provide

a more powerful evidence base. The high cost of per-

forming these tests can be a limiting factor. Third, young

patients with these devices are likely to be exposed to

elevated metal ion levels for several decades during their

lifetime. Although it is generally believed that renal

effects from potential toxins would manifest during the

early years of exposure, monitoring at a longer-term

Table 3. Association between daily output of metal ions and early

renal markers

Renal markers Daily output of cobalt Daily output of chromium

Spearman’s

Rho (q)

p Spearman’s

Rho (q)

p

Albumin 0.2 0.31 0.2 0.32

RBP 0.22 0.28 0.13 0.53

Beta2m 0.2 0.31 0.03 0.88

Fibronectin 0.08 0.69 0.03 0.90

BBA �0.14 0.49 �0.05 0.81

NAG 0.18 0.36 0.10 0.61

RBP = retinol binding protein; Beta2m = beta 2 microglobulin; BBA

= Brush Border antigen; NAG = N-acetyl-b-D-glucosaminidase.

Fig. 3 Box plot showing metal ion levels in whole blood and 24-hour

output of metal ions in urine. The median metal ion levels in this

cohort are within the expected range for metal-on-metal (MOM)

bearing devices. This shows the present cohort is a representative

sample of the MOM arthroplasty population. The inclusion of patients

with poorly functioning devices explains the outliers in the group.
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followup is desirable if adverse effects manifest after a

longer latency. Fourth, renal markers are indirect surrogate

measures of early renal dysfunction. Only a renal biopsy

provides the ultimate proof. However, such an invasive

procedure is not justified in this assessment, and these

batteries of markers are established, reliable predictors of

eventual renal impairment.

We observed no difference in renal marker elevations in

this cohort when compared with the controls that represent

a general population with no known renal disease. Our

results of both the patients and the controls compare well

with the marker levels of controls published in the litera-

ture (Table 4). Franchini et al. [13] studied renal markers

among cobalt workers and concluded that the kidney is

not a target organ in these workers. We report similar

renal marker levels of both the patients and the controls.

Voskaridou et al. [31] studied urinary albumin levels in

patients with HbS/b-thalassemia, and Idasiak-Piechocka

et al. [16] studied fibronectin in patients with chronic

glomerulonephritis; both reported marker levels higher

than the levels in the patients and controls of this study.

Both of these conditions are known to predispose to renal

failure in later years.

The median and IQRs of renal markers in the MOM

cohort were within the upper reference limits for each

marker. The results of early renal markers in this study

supplement the findings of Marker et al. [19], who reported

that creatinine clearance is not compromised in patients

with MOM bearings at 10 years followup. Their observa-

tions, reinforced by our findings, suggest that clinically

relevant metal ion elevations after MOM hip arthroplasty

do not lead to nephrotoxicity over a period of 10 years.

Furthermore, we did not find a correlation between the

daily release of cobalt and chromium and the levels of

renal markers. These findings agree with those reported by

Franchini and Mutti [14], who studied workers exposed to

hexavalent chromium in the chemical industry. They too

reported that they did not find dose-effect or dose-response

Fig. 4 Box and whisker plots

showing the median levels of

renal markers in patients with

unilateral metal-on-metal (MOM)

hip resurfacings (n = 23) as

compared with those with bilat-

eral MOM artthroplasties (n = 8).

There was no significant differ-

ence between the two groups as

seen from the overlapping 95%

confidence intervals of the medi-

ans (notches) indicating renal

marker levels are not significantly

affected by the higher ion level

elevations associated with bilat-

eral devices. RBP = retinol bind-

ing protein; b2M = beta 2

microglobulin; BBA = Brush

Border antigen; NAG = N-acetyl-

beta-d-glucosaminidase.

1656 Corradi et al. Clinical Orthopaedics and Related Research1

123



T
a

b
le

4
.

L
ev

el
s

o
f

re
n

al
m

ar
k

er
s

in
th

e
p

re
se

n
t

st
u

d
y

co
m

p
ar

ed
w

it
h

p
u

b
li

sh
ed

li
te

ra
tu

re

S
tu

d
y

an
d

co
h

o
rt

S
er

u
m

cr
ea

ti
n

in
e

U
ri

n
e

al
b

u
m

in
R

B
P

l
g

/g

cr
ea

ti
n

in
e

b
2

M
lg

/g

cr
ea

ti
n

in
e

F
ib

ro
n

ec
ti

n
l

g
/g

cr
ea

ti
n

in
e

B
B

A
U

/g
cr

ea
ti

n
in

e
N

A
G

U
/g

cr
ea

ti
n

in
e

U
p

p
er

re
fe

re
n

ce
li

m
it

1
.5

m
g

/d
L

2
0

m
g

/g

cr
ea

ti
n

in
e

1
3

0
lg

/g

cr
ea

ti
n

in
e

3
0

0
l

g
/g

cr
ea

ti
n

in
e

2
5

0
lg

/g

cr
ea

ti
n

in
e

8
.3

U
/g

cr
ea

ti
n

in
e

5
.0

U
/g

cr
ea

ti
n

in
e

F
ra

n
ch

in
i

et
al

.

[1
3

]

C
o

b
al

t-
ex

p
o

se
d

w
o

rk
er

s,
n

=
2

6

4
.4

5
m

g
/g

cr
ea

ti
n

in
e

4
2

.1
l

g
/g

cr
ea

ti
n

in
e

1
2

0
.8

l
g

/g

cr
ea

ti
n

in
e

2
.4

4
U

/g

cr
ea

ti
n

in
e

C
o

n
tr

o
l

w
o

rk
er

s,
n

=
3

5

4
.0

1
m

g
/g

cr
ea

ti
n

in
e

4
5

.8
l

g
/g

cr
ea

ti
n

in
e

8
5

.8
lg

/g

cr
ea

ti
n

in
e

2
.6

4
U

/g

cr
ea

ti
n

in
e

V
o

sk
ar

id
o

u
et

al
.

[3
1

]

H
b

s/
b-

T
h

al

p
at

ie
n

ts
,

n
=

8
7

0
.8

4
5

4
.5

m
g

/2
4

h

p
ro

te
in

u
ri

a

6
.6

U
/d

ay

C
o

n
tr

o
ls

,
n

=
3

0
0

.7
5

7
.4

m
g

/2
4

h

p
ro

te
in

u
ri

a

2
.0

U
/d

ay

M
u

tt
i

et
al

.
[2

1
]

N
o

rm
al

su
b

je
ct

s,

n
=

3
0

0

5
.1

m
g

/g

cr
ea

ti
n

in
e

3
8

.1
l

g
/g

cr
ea

ti
n

in
e

9
8

lg
/g

cr
ea

ti
n

in
e

3
.5

U
/g

cr
ea

ti
n

in
e

5
7

.2
m

m
o

l/
g

cr
ea

ti
n

in
e

Id
as

ia
k

-P
ie

ch
o

ck
a

et
al

.
[1

6
]

C
h

ro
n

ic

g
lo

m
er

u
lo

n
ep

h
ri

ti
s

p
at

ie
n

ts
,

n
=

5
5

2
4

5
.0

n
g

/m
m

o
l

cr
ea

ti
n

in
e

H
ea

lt
h

y
su

b
je

ct
s,

n
=

1
9

1
0

0
.7

n
g

/m
m

o
l

cr
ea

ti
n

in
e

P
re

se
n

t
st

u
d

y
P

at
ie

n
ts

w
it

h
M

O
M

,

n
=

3
1

1
.1

m
g

/d
L

1
0

.4
m

g
/g

cr
ea

ti
n

in
e

4
9

.9
l

g
/g

cr
ea

ti
n

in
e

1
1

2
.0

l
g

/g

cr
ea

ti
n

in
e

1
5

4
.6

lg
/g

cr
ea

ti
n

in
e

1
.5

U
/g

cr
ea

ti
n

in
e

1
.7

U
/g

cr
ea

ti
n

in
e

C
o

n
tr

o
ls

,
n

=
3

0
5

.2
m

g
/g

cr
ea

ti
n

in
e

5
0

.1
l

g
/g

cr
ea

ti
n

in
e

9
8

lg
/g

cr
ea

ti
n

in
e

1
8

3
lg

/g

cr
ea

ti
n

in
e

3
.3

U
/g

cr
ea

ti
n

in
e

3
.2

U
/g

cr
ea

ti
n

in
e

R
B

P
=

re
ti

n
o

l
b

in
d

in
g

p
ro

te
in

;
b

2
M

=
b

et
a

2
m

ic
ro

g
lo

b
u

li
n

;
B

B
A

=
B

ru
sh

B
o

rd
er

an
ti

g
en

;
N

A
G

=
N

-a
ce

ty
l-
b

-D
-g

lu
co

sa
m

in
id

as
e;

M
O

M
=

m
et

al
-o

n
-m

et
al

.

Volume 469, Number 6, June 2011 Metal-on-metal Devices and Renal Markers 1657

123



relationships between chromium levels and renal marker

levels (RBP and BB50), although they found a higher

percentage of workers with elevations of chromium had

renal marker levels above the reference range.

Studies have shown serum cobalt levels are highly ele-

vated in patients with MOM bearings who are also in renal

failure [5, 15, 19]. Therefore, some authors consider renal

failure to be a contraindication to MOM hip arthroplasty

[5, 9, 26], and we agree with that view. None of our

patients were in renal failure and our data do not address

the problem of metal ion retention in patients with com-

promised renal function. Therefore, we cannot and do not

advocate the use of MOM bearings in patients with a

known history of renal failure.

The absence of elevation of renal markers in these

patients 10 years after a MOM bearing implantation is

reassuring. However, continued surveillance through

longer-term large-scale prospective and retrospective con-

trolled studies may be necessary to conclusively rule out

the possibility of nephrotoxicity from arthroplasty-induced

low-intensity exposure to these trace elements.
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